###### Strengths and limitations of this study

-   Increased the worsening renal function of tolvaptan in patients with acute decompensated heart failure.

-   Tolvaptan was not reducing the incidence of worsening renal function or short-term all-cause mortality, however, it decreases the body weight while increases the sodium level.

-   Only seven randomised controlled studies were included, however, some studies have limitations.

-   Lack of unified standards for the dosage, the tolvaptan use duration and follow-up time, which may affect the clinical outcomes.

-   Only English language studies included.

Introduction {#s1}
============

Congestion is the primary reason for patients hospitalisation with acute decompensated heart failure (ADHF). Despite in-patient use of diuretics and vasodilators targeting decongestion, congestion is persistent in many ADHF patients at hospital discharge and has been associated with increasing morbidity and mortality.[@R1] Currently, various types of therapeutic agents are used for heart failure (HF) as the standard treatment which includes diuretics, angiotensin-receptor blockers, angiotensin-converting enzymes inhibitors and beta-blockers. These drugs are still playing an important role in the treatment of HF patients. Diuretics is the therapy cornerstone for the treatment of congestion, which is an important component of ADHF treatment for improving oxygenation and relieving the symptoms of oedema, despite the potential adverse effects related to renin angiotensin aldosterone system activation, electrolyte disturbances and worsening renal function.[@R2]

Arginine-vasopressin (AVP) controls the body water's content and blood pressure by affecting water excretion rate through kidney.[@R3] AVP is secreted from the posterior pituitary in response to elevation in plasma osmolality and the decreases in arterial pressure.[@R4] AVP causes water retention through the V~2~ receptor to maintain the blood pressure. In patients with HF, contributing to such symptoms as oedema, dyspnoea and congestion,[@R5] the level of AVP in increased. The fatal disadvantages of loop diuretic treatment for patients with ADHF are activating neurohumoral factors and worsening renal function (WRF).[@R6] WRF was defined as an increase in serum creatinine of 0.3 mg/dL from baseline within 7 days from admission. Tolvaptan is an orally active, non-peptide, selective V~2~ receptor antagonist. Selective AVP V~2~ receptor antagonists induce hypotonic diuresis without significantly influencing the excretion of electrolytes.[@R7] Tolvaptan has been mentioned in many studies. Tolvaptan benefits patients with symptomatic HF in reducing body weight, increasing urine volume and serum sodium, but without worsening renal function.[@R8] Previous studies and meta-analysis have demonstrated that in ADHF patients, early administration of oral tolvaptan should be combined with standardise therapy, including conventional diuretics, improved heart failure signs and symptoms without serious events.[@R10] The purpose of this study is to conduct a meta-analysis of randomised control trials (RCTs) focusing on the renal effects of tolvaptan in patients with ADHF in comparison with the effects of other traditional diuretic agents.

Methods {#s2}
=======

This meta-analysis was conducted in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement.[@R14]

Search procedure {#s2a}
----------------

We searched the MEDLINE, Embase and Cochrane Central Register of Controlled Trials databases from the date of their inception to 31 October, 2017, with no language restrictions. We used the combinations of the terms like, 'Tolvaptan', 'vasopressin V2-receptor blocker', 'Acute Heart Failure', 'Acute Decompensated Heart Failure' as the test words and as Medical Subject Headings (MESH) headings. The MEDLINE search strategy is available to view (see online [supplementary appendix 1](#SP1){ref-type="supplementary-material"}). All articles were available until 31 October, 2017. Relevant studies were identified from the reference lists of selected articles and review articles.

10.1136/bmjopen-2018-025537.supp1

Study selection {#s2b}
---------------

Randomised controlled trials of tolvaptan add-on therapy comparing with traditional therapy or other diuresis agents in patients with evidence of ADHF were included with constraints on the time period till 31 October, 2017. The processes of selection, data extraction and quality assessment were independently executed by two reviewers. Disagreement was solved by reviewing the relevant studies to reach consensus.

Inclusion criteria {#s2c}
------------------

The inclusion criteria for the studies are as follows; it should, (1) be a randomised controlled trial, (2) include participants who are adult patients with ADHF and defined as patients had dyspnoea at rest requiring urgent hospital admission for evaluation and treatment, (3) compare tolvaptan add-on therapy with traditional diuretics agents and (4) include any relevant outcomes: all-cause mortality, WRF, sodium level, body weight reduction and fluid loss.

Exclusion criteria {#s2d}
------------------

The exclusion criteria are as follows: (1) observational study and (2) study on CHF or not reporting the desired outcome.

Data extraction {#s2e}
---------------

Data extraction from reports was processed in line with the protocol, by the reviewers; disagreements were resolved by negotiations. Attempts to contact all investigators were made to obtain raw data or to confirm details of the study design for all included trials. However, these attempts were not always successful as expected.

For each of the trials included in the review, the following characteristics were recorded: (1) First author's surname, (2) Year of publication, (3) Country where the study was performed, (4) Study design and characteristics, (5) Total number of participants, (6) Inclusion and exclusion criteria, (7) Details about intervention arm, (8) Details about traditional/control arm, (9) Dose of tolvaptan, (10) Treatment duration, (11) Primary outcome evaluated, (12) Other outcome variables evaluated and (13) Quality indicators.

Quality and risk of bias of included trials {#s2f}
-------------------------------------------

The quality of the included trials and the risk of bias were assessed by two independent reviewers using the components described by the Cochrane Collaboration,[@R15] including random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other sources of bias. Disagreements were resolved by negotiation.

Statistical analysis {#s2g}
--------------------

All of the meta-analytic procedures were conducted by Review Manager, V.5.3. Two-tailed p values \<0.05 were regarded as statistically significant. We used Q statistics, the related p values, and the I^2^ statistic to investigate the heterogeneity of each study. I^2^ statistic is a quantitative measure describing the percentage of total variations due to heterogeneity. The extracted I^2^ statistic value was used to assess the heterogeneity of each variable across the study. According to the Cochrane Handbook,[@R16] heterogeneity of variables is indicating significant heterogeneity when the I^2^ range from 50% to 90%. Therefore, an I^2^ of \<50% is considered acceptable. If the research results were not statistically different, the fixed effect model would be used for meta-analysis. If there is a statistical heterogeneity among the research results, the sources of heterogeneity will need further analysis. After excluding the obvious clinical heterogeneity, the random effects model was exploited in analysing the meta.

Patient and public involvement {#s2h}
------------------------------

No patients were directly involved in the development of the research question, selection of the outcome measures, design and implementation of the study or interpretation of the results.

Achievements {#s2i}
------------

In total, 801 articles and documents were identified from the database research: 299 of PubMed, 421 of EMBASE and 71 of the Cochrane Library. By screening titles and abstracts, 566 apparently irrelevant articles were first excluded. Then, the detailed full texts of remainders were downloaded to assess. A full-text evaluation was performed and 21 of them were excluded for they are studies on: tolvaptan versus carperitide[@R17](n=2), retrospective studies (n=7), study articles[@R19] defined as one randomised controlled study.[@R20] Finally, there are seven RCTs[@R12] among nine articles included. The flow diagram of study selection is shown in [figure 1](#F1){ref-type="fig"}.

![Flow diagram of study selection. CHF, congestive heart failure; HF, heart failure; RCTs, randomised control trials.](bmjopen-2018-025537f01){#F1}

Study characteristics and quality {#s2j}
---------------------------------

The study characteristics of the seven RCTs from USA, India and Japan from 2012 to 2017 with 937 patients involved are presented in [table 1](#T1){ref-type="table"}. The duration of observations ranged from 2 to 636 days. Most participants[@R12] had ADHF (left ventricular ejection fraction \[LVEF\] \<50%) of New York Heart Association class II to IV. One study focuses on the ADHF patients with Heart failure with preserved ejection fraction (HFpEF).[@R26]Three of the studies used carperitide.[@R20] The risk of bias was evaluated with the Cochrane risk of bias tool.[@R14] Most items for all included RCTs showed with low risk, however, the information in some studies is still insufficient, which made the evaluation even more difficult. Generally speaking, the RCTs included in our meta-analysis are of relatively high quality, except one study by Matsue *et al*,[@R20] which shows a high risk of bias. The results are summarised in [figure 2](#F2){ref-type="fig"}.

###### 

Baseline characteristics of the studies included in meta-analysis

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study\                         Study location   Sample size   Intervention   LVEF,%                          Age, years             Follow-up duration                      Primary outcome                                          
  /year\                                                                                                                                                                                                                               
  /reference                                                                                                                                                                                                                           
  ------------------------------ ---------------- ------------- -------------- ------------------------------- ---------------------- --------------------------------------- ----------------- ------------- ------------- ---------- ----------------------------------------------------------------------------------------------------------------------
  Jujo *et al* 2016[@R25]        Japan            30            30             Tolvaptan\                      Furosemide +\          45(33,55)[\*](#tblfn2){ref-type="fn"}   46(37,60)\*       79±11         79±11         5 days     WRF, changes in urine volume, serum creatinine, BUN, BNP and catecholamines
                                                                               7.5 mg/day\                     carperitide                                                                                                             
                                                                               + carperitide                                                                                                                                           

  Tamaki *et al* 2017[@R26]      Japan            26            24             Tolvaptan 7.5 or 15 mg/day +\   Diuretic               60.7±10.0                               59.7±7.5          79±7          75±10         48 hours   WRF, changes in serum creatinine, BUN, body weight, urine volume, secrum sodium and eGFR
                                                                               diuretic                                                                                                                                                

  Konstam *et al* 2017[@R22]     USA              122           128            Tolvaptan 30 mg/day +\          Placebo +\             35±16                                   33±17             70±11         67±13         7 days     WRF, changes in body weight, dyspnoea relief, eGFR and serum creatinine, 30 day mortality or re-hospitalisation
                                                                               diuretic                        diuretic                                                                                                                

  Felker *et al* 2017[@R23]      USA              129           128            Tolvaptan 30 mg/day +\          Placebo +\             34±17                                   32±17             66±13         63±16         48 hours   WRF, changes in body weight, serum sodium, dyspnoea relief and urine volume, worsening HF and 30 day mortality
                                                                               loop diuretic                   loop diuretic                                                                                                           

  Shanmugam *et al* 2016[@R24]   India            25            26             Tolvaptan 15 mg/day +\          Diuretic               31.9±12.2                               29.2±8.7          58.9±12.1     57±12         5 days     Changes in plasma sodium and dyspnoea relief, adverse effects
                                                                               diuretic                                                                                                                                                

  Matsue *et al* 2016[@R20]      Japan            108           109            Tolvaptan 15 mg/day +\          Conventional therapy   45.4±18.1                               46.8±16.4         72.99±8.9     72.95±10.24   636 days   WRF, changes in body weight, serum sodium, dyspnoea relief, BNP and urine volume, in-hospital death, adverse effects
                                                                               conventional therapy                                                                                                                                    

  Kimura *et al* 2016[@R12]      Japan            26            26             Tolvaptan\                      Furosemide             47.54±16.75                             56.73±11.52       80.54±12.15   86.15±4.95    7 days     WRF, changes in mean creatinine clearance and eGFR, adverse effects
                                                                               15 mg/day +\                                                                                                                                            
                                                                               furosemide 20 mg                                                                                                                                        
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are given as the mean ±SD deviation

\*Data presented as median with IQR.

BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction; WRF, worsening renal function.

![Risk of bias summary.](bmjopen-2018-025537f02){#F2}

Effect of tolvaptan add-on therapy on WRF {#s2k}
-----------------------------------------

Seven studies[@R12] have evaluated the effect of tolvaptan add-on therapy on WRF in patients with acute decompensated heart failure. Meta-analysis showed that I^2^=66%, p=0.007, the heterogeneity was high, so a random effect model was used. Meta-analysis (random effect model) showed that tolvaptan adding on loop diuretic comparing with controls or loop diuretic agents cannot significantly reduce the incidence of WRF (RR 0.78, 95% CI 0.48 to 1.26, p=0.31) in acute heart failure patients complicated with hyponatraemia or renal dysfunction. Shown in [figure 3](#F3){ref-type="fig"} is sub-analysis on differences in WRF between low (≤15 mg/day) and high (\>15 mg/day) doses of tolvaptan. Low-dose group is in favour of add-on therapy compared with control (RR 0.48, 95% CI 0.23 to 1.02, p=0.05, I^2^=54%). High-dose group is not in favour of add-on therapy compared with control (RR 1.33, 95% CI 0.99 to 1.78, p=0.05, I^2^=0%). As shown in [figure 3](#F3){ref-type="fig"}.

![Forest plot depicting the effect of tolvaptan on worsening renal function versus control.](bmjopen-2018-025537f03){#F3}

Effects of tolvaptan add-on therapy on body weight {#s2l}
--------------------------------------------------

Mean body weight reflected the aquaretic effect of tolvaptan add-on therapy in ADHF patients. Three studies[@R20] were included in the meta-analysis of the changings in body weight from baseline to 48 hours. There was a significant difference between the tolvaptan add-on therapy and control arms in favour of tolvaptan add-on therapy, which is an standardised mean difference (SMD −0.49, 95% CI −0.64 to −0.34, p\<0.00001, I^2^=0%) in body weight changing. As shown in [figure 4](#F4){ref-type="fig"}.

![Forest plot depicting the effect of tolvaptan on body weight reductions versus control.](bmjopen-2018-025537f04){#F4}

Effects of tolvaptan add-on therapy on short-term mortality {#s2m}
-----------------------------------------------------------

Five studies[@R20] described the effects of tolvaptan add-on therapy on all-cause mortality. The pooled effects of tolvaptan add-on therapy on mortality that included in those five trials were not significantly different from control (RR 0.85, 95% CI 0.47 to 1.56, p=0.61, I^2^=0%). As shown in [figure 5](#F5){ref-type="fig"}.

![Forest plot depicting the effect of tolvaptan on mortality versus control.](bmjopen-2018-025537f05){#F5}

Effects of tolvaptan add-on therapy on serum sodium {#s2n}
---------------------------------------------------

Although studies looked at changes of serum sodium at 5 days, there was a change in serum sodium in favour of tolvaptan add-on therapy (mean difference \[MD\] 1.56, 95% CI 0.04 to 3.07, p=0.04, I^2^=0%). As shown in [figure 6](#F6){ref-type="fig"}.

![Forest plot depicting the effect of tolvaptan on serum sodium versus control.](bmjopen-2018-025537f06){#F6}

Discussion {#s3}
==========

The main findings of this meta-analysis indicate that tolvaptan add-on therapy does not ameliorate the incidence of WRF or the short-term all-cause mortality in patients with ADHF. However, tolvaptan add-on therapy can reduce body weight, and increase the sodium level in patients with ADHF. A great majority of ADHF admissions are related to volume overload and congestion while loop diuretics decongestion remains the mainstay of current ADHF therapy. It was suggested that that WRF can be caused by immediate intravascular volume reduction induced by decongestion therapy using loop diuretics. WRF may through activation of the renin-angiotensin-aldosterone (RAA) and sympathetic nervous systems, and then leading to a decrease in renal perfusion and glomerular filtration pressure.[@R27] Renal dysfunction is also a common comorbidity in ADHF patients, and it forebodes higher rates of mortality and hospitalisation in patients with ADHF to a great extent.[@R28]

There is an urgent need for an alternative approach to achieve adequate decongestion with minimum risk of WRF in ADHF patients.[@R29] Tolvaptan has been alleviating congestion without reducing the renal blood flow or activation of the RAA and sympathetic nervous systems.[@R5] The prognosis of HF patients[@R30] can be greatly improved by the renal protective treatment. However, in this analysis, WRF has no statistical significance, the mean body weight has decreased and sodium concentration has increased.

Sub-analysis of studies with low dose, tolvaptan add-on therapy may decrease the rate of WRF. The results indicate that the use of tolvaptan add-on therapy in AHF may reduce WRF compared with the increasing loop diuretics. The improvement of kidney function may be attributed to the dose reduction of loop diuretics, which is facilitated through the aquaresis by tolvaptan. Consistent with that low-dose tolvaptan add-on therapy in HF patients with diuretic resistance and renal impairment increased urine volume without further renal impairment compared with patients who received an increased dose of furosemide.[@R31]The high-dose group consisted of US studies (placebo-controlled studies) may cause increasing the rate of WRF. In this analysis, although tolvaptan has no effect on WRF, while in the subgroup of low-dose tolvaptan group decreased the rate of WRF. The result indicates that high-dose (30 mg) tolvaptan in AHF may increase WRF compared with low-dose tolvaptan. The dose of tolvaptan may be related to the incidence of WRF. This result should be carefully interpreted, however, because of the limitation of the present data (p=0.05), so more well-designed randomised clinical trials are needed.

Aggressive fluid removal therapy is strongly recommended for symptom relieving and haemodynamic improvement in ADHF. Tolvaptan add-on therapy can significantly reduce body weight, however, it cannot ameliorate the incidence of WRF and short-term all-cause mortality. Tolvaptan may be like ultrafiltration acting as a decongestion method. Therefore, rapid and aggressive decongestion treatment may precede WRF to ameliorate congestion during hospitalisation, irrespective of the decongestion method. In the ultrafiltration versus intravenous diuretics for patients hospitalised for acute decompensated congestive heart failure (UNLOAD) trial, greater weight loss and a trend toward WRF by ultrafiltration compared with conventional diuretic therapy were associated with a reduced rate of re-hospitalisation for HF.[@R32] The short-term of therapy may have been one factor for the failure in achieving long-term effects, although other short-term interventions can at times have long-term effects.

The present overall results are, in part, consistent with previous meta-analyses of tolvaptan in acute heart failure.[@R13]The current analysis exclude the trials comparing to tolvaptan and carperitide[@R17] and include a placebo-controlled study from USA[@R22] and a controlled study from Japan.[@R26] Regarding the subgroup analysis of WRF in ADHF patients, low-dose tolvaptan may decrease the rate of WRF.

Limitations {#s3a}
-----------

There are a number of limitations in the meta-analysis. First, a total of seven random controlled studies were included, but most of the studies have their limitations. The inclusions of the study were more concentrated in the same region and country. Although the studies were randomised controlled trials, but the study of the distribution are hidden, the specific random method is not a completed description, there is no solid evidence to regulate the possibility of patient selection bias. Only two studies from the selected trials measured long-term mortality and four studies had the outcomes of short-term mortality. Second, there is no unified standard for the dosage, the tolvaptan use duration and follow-up time, which may affect the clinical outcomes. Third, differences in race, age and complication among studies also may result in slightly diverse response to therapy. Fourth, different control treatments may also lead to the inaccurate results. In addition, the sample size of some RCTs was too small and the adverse effects of tolvaptan such as dry mouth, dehydration were not reported in some study. Therefore, this meta-analysis also has certain enlightenment to the future randomised controlled trial: (1) Unified drug administration time and dosage and (2) The articles included in the study should come from different countries and regions in order to clarify the clinical effect of different countries and nationalities for an accurate conclusion.

Conclusion {#s4}
==========

We observed that tolvaptan add-on therapy does not ameliorate incidence of WRF, short-term all-cause mortality in patients with ADHF. However, tolvaptan add-on therapy can reduce body weight and elevate sodium level in patients with ADHF. Due to the limitations of the quality and quantity of the articles and documents, further researches for this conclusion are needed.
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